Unfortunately, it is difficult to study the role ofpyrimidine dimer formation in the genesis ofUVR-induced tumors in mice.> Unlike human beings, mice cannot repair large numbers of pyrimidine dimers by efficient excision repair or by photoreactivation, the light-dependent enzymatic monomerization of dimers.v-"-" Thus, the incidence and nature of skin tumors cannot be compared in animals with unrepaired UVR-induced dimers and those animals in which photoreactivation of pyrimidine dimers has taken place.
Materials and Methods
Unfortunately, it is difficult to study the role ofpyrimidine dimer formation in the genesis ofUVR-induced tumors in mice.> Unlike human beings, mice cannot repair large numbers of pyrimidine dimers by efficient excision repair or by photoreactivation, the light-dependent enzymatic monomerization of dimers.v-"-" Thus, the incidence and nature of skin tumors cannot be compared in animals with unrepaired UVR-induced dimers and those animals in which photoreactivation of pyrimidine dimers has taken place.
South American opossums (Monodelphis domestica) are capable of both photoreactivation and excision repair and offer an attractive alternative model of UVR carcinogenesis." When chronically exposed to UVB in the absence of conditions suitable for photoreactivation, South American opossums develop a variety of hyperplastic and neoplastic skin lesions, including benign and malignant melanomas.s-s-" These lesions are described in this report. Vet PathoI28: [55] [56] [57] [58] [59] [60] [61] [62] [63] [64] [65] (1991) Ultraviolet Radiation-induced Skin Tumors in a South American Opossum (Monodelphis domestica) D. F. KUSEWITT Abstract. A total of 19male and 21 female South American opossums (Monodelphis domestica) wereexposed to 250 J/m 2 ultraviolet radiation from FS-40 sunlamps (280-400 nm) three times weekly for 70 weeks. The backs of the opossums were shaved as necessary to remove hair. In order to prevent photoreactivation of ultraviolet radiation-induced pyrimidine dimers by the light-dependent photolyase enzyme of the opossum, ultraviolet radiation-exposed opossums were housed under red lights (600-800 nm). The opossum photolyase requires light in the 320-450 nm range for its activity. Twenty-nine control opossums (14 males and 15 females) were irradiated by fluorescent lights with emission spectra primarily in the visible light range (320-700 nm); these control opossums were also housed under red lights, and their backs were also shaved to remove hair. No skin tumors were observed in control opossums, while ultraviolet radiation-exposed opossums developed a variety of hyperplastic and neoplastic skin lesions on the backs and on a single ear. Hyperplastic lesions included foci of epithelial hyperplasia, dermal fibroplasia, and focal proliferation of dermal melanocytes. A total of 20 ultraviolet radiation-exposed opossums (50%) developed skin tumors, and 13 opossums (32.5%) had more than a single tumor. Epithelial tumors included 25 papillomas, four keratoacanthomas, seven carcinomas in situ, three microinvasive squamous cell carcinomas, two invasive squamous cell carcinomas, and a single basal cell tumor. Ten dermal spindle cell tumors also occurred; most of these appeared to be fibrosarcomas. Two benign melanomas and one malignant melanoma were observed.
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There is convincing epidemiologic evidence that exposure to sunlight is directly responsible for a variety of human skin tumors, including keratoacanthomas, basal cell epitheliomas (also called basal cell carcinomas), and squamous cell carcinomas.v-"" Although sun exposure contributes to the development of melanoma in human beings, its exact role is unclear. 14.33,43 Experimental studies using laboratory animals have demonstrated that the ultraviolet radiation (UVR) component of sunlight, particularly radiation in the ultraviolet-B (UVB) range (280-320 nm), is responsible for solar carcinogenesis. I I Mice are the experimental animals most susceptible to UVR carcinogenesis." Upon appropriate UVR exposure, mice develop a variety of epidermal and dermal tumors, some of which are counterparts of human skin tumors. 1 ,9. 13,16,25,26,28,29,32,4 5-47,55,56 UVR exposure alone does not cause melanomas in commonly used experimental animals such as mice, rats, guinea pigs, and hamsters." A combination ofchemical carcinogen and UVR treatment can induce melanomas in mice. 16 , 17,33 The mechanism of UVR carcinogensis is undoubt-Animals edly the induction of one or more mutations resulting
The South American opossums (Monodelphis domestica) from the formation of pyrmidine dimers in DNA. 49 used in these studies were from a breedingcolony maintained at the Lovelace Medical Foundation (Albuquerque, NM). The founding opossums for this colony were obtained in 1983 from the Southwest Foundation for Medical Research (San Antonio, TX). During the course of these studies, the opossums were housed individually in polypropylene cages; newspapers or paper towels were used for bedding. Water and dry fox food (Milk Specialties Products, New Holstein, WI) were provided ad libitum. The opossums were maintained at 26-27 C; relative humidity was uncontrolled. They were kept on a 12-hour light/12-hour dark cycle. To prevent the photoreactivation process that requires light in the 320-450 nm range, opossums were housed under red light (Westinghouse F40R lights) with an emission spectrum of 600-800 nm.
Exposure regime
A total of 19 male and 21 female experimental opossums were employed in these studies. In a preliminary study, six opossums (group I, consisting oftwo males and four females) received ultraviolet radiation (UVR). In a subsequent study, employing exactly the same experimental protocol used for group I opossums, 17 male and 17 female opossums (group II) were irradiated with UVR. For both groups I and II, UVR exposures were begun when experimental opossums were approximately 4 months old. Dorsal skin was shaved before the first exposure and, when warranted by hair regrowth, before any subsequent exposure. Experimental opossums were irradiated three times a week for 70 weeks (210 exposures). They were irradiated for 64 seconds at a dose-rate of 3.9 W/rn-, using a bank of Westinghouse FS40 fluorescent sunlamps that emitted wavelengths oflight between 280 and 400 nm, to give a dose of 250 Jim' per exposure. Over the course of 70 weeks, this resulted in a cumulative dose of approximately 50,000 Jim'.
A control group (group III) consisted of 14 male and 15 female opossums treated only with visible light. Treatment was begun when control opossums were approximately 4 months old. The backs of control opossums were shaved as necessary to remove hair, and the animals were exposed to visible light from glass filtered Westinghouse F40CW lights three times weekly for 70 weeks. Glass-filtered light from these lamps had a discontinuous emission spectrum between 320 and 700 nm, with peaks at 334, 365, 405, and 435 nm, and a continuous emission spectrum between 450 and 700 nm. The dose rate for these lights was 10 W/m'. For each exposure, control opossums received 60 minutes of irradiation by visible light. Thus, each exposure period resulted in a dose of visible light of 3.6 x 10 4 Jim'.
Pathology
Opossums were examined twice weekly until death or until they became moribund, at which time they were euthanatized. At the time of death, samples of all skin lesions were removed for histopathologic examination. Samples were fixed in 10% neutral buffered formalin, embedded in paraffin, sectioned at 5-6 urn, and stained with hematoxylin and eosin. To aid in diagnosis, special staining procedures were performed as necessary. These procedures included Masson's trichrome stain for connective tissue, Masson-Fontana's stain for melanin, periodic acid-Schiffreaction for basement mem-brane, Gomori's stain for iron, and potassium permanganate bleaching to remove melanin pigment.
Results
Average life span of ultraviolet radiation-exposed opossums and control opossums All control and experimental opossums died or were euthanatized. The average life span ofthe six opossums in group I that were exposed to 250 J/m 2 ultraviolet radiation (UVR) was 832 ± 179 days. Five of the six opossums in this group survived the 70-week exposure period. Twenty-two ofthe 34 UVR-exposed opossums in group II survived the 70-week exposure period. The average age at death for experimental opossums in group II was 742 ± 247 days. Nine of the 29 control opossums in group III died during the 70-week treatment period. The average age at death was 903 ± 371 days for control opossums in group III. The average life span of Monodelphis domestica is 3 years." Thus, control opossums in the present study lived an approximately normal life span; however, the life span of UVR-exposed opossums appeared to be reduced when compared to that ofcontrol opossums. The exact cause of death was not determined for all opossums, but in no case did death appear to result directly from a UVR-induced skin tumor.
Normal opossum skin
Normal opossum skin of the torso (both ventral and dorsal surfaces) is thin and lacks rete ridges.' The stratum basale and stratum spinosum together are 1 to 4 cells thick; the stratum granulosum is discontinuous, and the stratum corneum is relatively thick and of uniform thickness. There are no pigmented melanocytes in the epidermis or dermis, but melanocytes are found in the hair bulbs of actively growing hair shafts of the skin of the torso. In areas that are normally pigmented (ears, footpads, tail, and scrotum) dendritic melanocytes are found in the dermis, primarily in the upper portions of the dermis. Except in the tail, melanocytes are never seen within the epidermis, and they do not appear to contribute melanin to overlying epithelial cells. Dendritic melanocytes are rare in the basal layer of the skin of the tail. Few epithelial cells in the tail are pigmented.
Skin lesions in control opossums exposed to visible light A single subcutaneous tumor, which proved to be a lipoma, was observed at necropsy. In another opossum, several small black macules were observed grossly. Microscopically, these were focal aggregates of dendritic melanocytes in the dermis. Examination of samples ofgrossly normal skin from several opossums revealed rare foci of very mild epithelial hyperplasia Table 1 . Type and distribution of skin tumors in two experimental groups (n = 6, n = 34, respectively) ofSouth American opossums (Monodelphis domestica) exposed to ultraviolet radiation (UVR) and in one control group (n = 29) treated only with visible light. 
* Results are given as number of individual tumors/number of opossums with that particular type of tumor.
t Confluent papillomas containing multiple foci of carcinoma in situ in one opossum (No. 11-16) were counted as a single papilloma and a single carcinoma in situ.
:j: Some opossums had tumors of more than one type; therefore the total number of opossums affected may not be the total of the affected opossums when the tumor types are considered separately. In group 1,2/6 UVR-exposed opossums had no skin tumors; in group II, 18/ 34 UVR-exposed opossums had no skin tumors; none of the 29 control opossums in group III developed skin tumors. without hyperkeratosis, occasional tiny aggregates of dendritic melanocytes in the dermis, and small numbers of inflammatory cells in the dermis of a few opossums.
Skin lesions in experimental opossums exposed to ultraviolet radiation
The dosage of UVR used in these studies did not result in severe, acute damage to the skin. Blistering, desquamation, ulceration, or scar formation did not occur. Mild erythema was observed in some animals following UVR exposure early during the exposure regime. Only minimal generalized skin changes were seen microscopically; these changes included mild, patchy epithelial hyperplasia and hyperkeratosis, and scattered follicular keratoses. Occasionally, there was a mild inflammatory cell infiltrate, composed predominantly of mononuclear cells, in the upper dermis of some of the opossums.
Superimposed on this background of mild skin changes were a variety of discrete focal proliferative lesions, found almost exclusively on the dorsum. Only a single papilloma occurred on an ear (opossum No. II-IS). Cell types giving rise to proliferative lesions included epithelial cells, dermal fibroblasts, and melanocytes. The extent of proliferation varied from hyperplasia to benign neoplasia to frank malignancy. For each cell type, a spectrum of lesions was seen that suggested progression from hyperplasia to neoplasia. The first skin tumor in a UVR-exposed opossum became apparent grossly 34 weeks after UVR exposures were begun. The distribution of tumors on the shaved, UVR-exposed dorsal skin surface appeared to be random. The largest tumor observed (a spindle cell tumor) was approximately 2 em in diameter. A summary of the skin tumors identified in UVR-exposed opossums is given in Table 1 . A total of 20 UVR-exposed opossums (50%) developed skin tumors, and 13 opossums (32.5%) had more than a single tumor.
Squamous epithelial hyperplasia, papillomas, keratoacanthomas, carcinomas in situ, and squamous cell carcinomas. The most commonly observed proliferative skin lesion was squamous epithelial hyperplasia. When visible grossly, focal areas of epithelial hyperplasia appeared as small patches of thickened scaly skin. Microscopically, hyperplasia occurred as discrete foci well-demarcated from surrounding epithelium; in a single opossum (No. 11-16), areas of hyperplasia were extensive and confluent. Hyperplastic foci were characterized by acanthosis, hyperkeratosis, and parakeratosis ( Fig. 1) and thus constituted keratoses. Both surface epithelium and the infundibula of hair follicles were thickened. In general, acanthotic epithelium projected slightly above the skin surface; however, in some areas, the epithelium extended downward into the dermis to form a cup-shaped depression. Variable numbers of inflammatory cells and varying degrees of fibroplasia were seen in the dermis underlying hyperplastic foci. An occasional focus of epithelial hyperplasia served as the base of a cutaneous hom. Hyperplastic epithelial lesions appeared capable of evolution into both papillomas and keratoacanthomas, as evidenced by areas that were intermediate in appearance between epithelial hyperplasia and benign neoplasms. In many foci of epithelial hyperplasia, some degree of cellular atypia and disorganization was evident, especially in the stratum basale and in lower layers of thickened stratum spinosum, although the extent varied considerably from lesion to lesion. In two foci of epithelial hyperplasia, loss of basal polarity and cellular atypia were considered sufficiently severe to warrant the diagnosis of carcinoma in situ.
Grossly, papillomas were prominently elevated but non-pedunculated foci of horny material. Microscopically, papillomas were broad-based lesions consisting of hyperkeratotic and acanthotic epithelium covering short, blunt connective tissue processes (Fig. 2 ). Papillomas were usually solitary, widely separated lesions but one opossum (No. 11-16) had confluent papillomatous masses and foci of epithelial hyperplasia. Various degrees of fibrosis and inflammation were seen in the dermis underlying papillomas. A cutaneous hom sometimes arose from a papilloma. Like foci of epithelial hyperplasia, papillomas exhibited a wide spectrum ofatypia, disorganization, and dyskeratosis. Four papillomas with foci of extremely severe loss of basal polarity and cellular atypia were classified as carcinomas in situ ( Fig. 3 ). Confluent papillomatous masses on opossum No. 11-16contained numerous foci ofloss of basal polarity consistent with carcinoma in situ. In two papillomas showing marked atypia, disorganization, and loss of polarity (both papillomas on opossum No. 11-16), microinvasion ofthe dermis was seen. Microinvasion was characterized by focal disruptions of the epithelial basement membrane and the presence of individual epithelial cells or small groups of cells in the dermis, as demonstrated by periodic acid-Schiff staining. In these lesions, dermal inflammation and fibrosis were quite pronounced. These masses were classified as microinvasive squamous cell carcinomas.
A number of complex lesions appeared to have microscopic characteristics of both papillomas and keratoacanthomas. Complex lesions consisted of elevated areas ofpapillary epithelial proliferation that were continuous with thickened epithelium extending downward into the dermis to form a keratoacanthoma-like depressed mass. Unless a well-defined keratin-filled cyst was present, such lesions were classified as papillomas.
In only a single opossum (No. 1-4) were unequivocal keratoacanthomas observed. Each of the four keratoacanthomas identified on this opossum was a spherical lesion consisting of a central keratin-filled cavity surrounded by a wide rim of thickened epithelium (Fig.  4) . Epithelium lining the cystic space was relatively well-differentiated in all cases and exhibited a regular pattern of maturation and keratinization. Thickening of the epithelium was due primarily to acanthosis and prominent intercellular bridges connected cells of the expanded stratum spinosum. In these keratoacanthomas, there was some spindling and mild disorganization of basal cells. At the base of another keratoacanthoma on the same opossum, however, marked spindling and disorganization of basal cell layers and microinvasion of the dermis were observed; this mass was, therefore, classified as a microinvasive carcinoma. Keratoacanthomas extended deeply into the dermis, although never into the subcutis. These masses protruded above the surface of the skin. Where the tumor emerged from the skin, distinct shoulders of normal epithelium were seen. Dermal inflammation and fibrosis were similar to that seen accompanying papillomas. Grossly, keratoacanthomas appeared as elevated rounded masses with a central horny plug. No evidence of keratoacanthoma regression was observed during this study.
Grossly, two invasive squamous cell carcinomas (in opossum Nos. 1-2 and 1-4) were intradermal masses with a roughened and crusty surface. Microscopically, invasive squamous cell carcinomas were characterized by deep invasion of the dermis by lobules or fingerlike downgrowths of epithelial cells (Fig. 5 ). Tumors were well-differentiated, with multiple foci of keratin pearl formation. Intracellular bridges were prominent in one tumor, but in the other tumor, intracellular bridges were less apparent. Neoplastic epithelium generally showed moderate to marked atypia, with considerable variation in the size and shape of cells and nuclei. Epithelium comprising the tumors was markedly disorganized, and, in many areas, there was complete loss of normal epithelial polarity. There were 2 to 5 mitotic figures per high-powered field (field diameter = 0.44 mm). Rarely did neoplastic epithelium invade the subcutis, and metastasis to regional lymph nodes was not observed. Squamous cell carcinomas elicited a marked inflammatory and fibroblastic dermal response.
Basal cell proliferation and basal cell tumor. A second type of epithelial hyperplasia, basal cell proliferation, was seen less frequently. The mildest form of this lesion consisted of small lobules of basal cells adjacent to hair follicles or underlying the epidermis. Basal cells in basal cell hyperplastic lesions were characterized by their small size, hyperchromatic nuclei, and arrangement in lobules, rosettes, or ribbons. In general, these lesions were not associated with an inflammatory or desmoplastic dermal response, although dendritic melanocytes were often numerous in the dermis immediately underlying these areas. Basal cell hyperplasia was inapparent grossly. A single small basal cell tumor (in opossum No. 11-16) appeared to represent a further progression ofbasal cell hyperplasia. The basal cell tumor appeared grossly as a small nodule in the epithelium. Histologically, the lesion was composed of broad ribbons of typical basal cells arranged in a solid pattern (Fig. 6 ). Hyperkeratosis was not present. Although this mass was very small, it was classified as a tumor because it was sufficiently large enough to be apparent grossly, it was well-demarcated from surrounding epithelium, and it had an appearance distinctly different from areas of basal cell proliferation. Lesions of basal cell hyperplasia and the basal cell tumor were composed of a uniform population of well-differentiated basal cells; no epithelial dysplasia was evident.
Dermal fibroblast proliferation and spindle cell tumors. Areas of dermal fibroblast proliferation were seen in a number ofopossums. Fibroblast proliferation generally occurred in areas underlying foci of proliferative epithelium. Fibroblast proliferation ranged from simple fibroplasia (Fig. 7) to fibroplasia with atypical cells.
Grossly, the ten spindle cell tumors of the dermis that developed in UVR-exposed opossums were firm elevated masses; epithelium over some of the tumors was ulcerated. Well-differentiated spindle cell tumors ( Fig. 8 ) appeared to represent malignant transformation of dermal fibroblasts. These tumors consisted of interlacing bundles of elongated cells. Cells had oval nuclei that were often slightly vesicular in appearance and contained one or more moderately prominent nucleoli and small to moderate amounts of slightly basophilic cytoplasm. The number of mitotic figures ranged from 1 to 5 per high-powered field. Trichrome stains demonstrated collagen fibers in these tumors. One well-differentiated spindle cell tumor (opossum No. 11-28) metastasized to a regional lymph node, the diaphragm, and the lung (Fig. 9 ). Two of the spindle cell tumors were anaplastic (Fig. 10) . These tumors consisted of pleiomorphic cells ranging in shape from polygonal to spindle. Cells had variable amounts of basophilic cytoplasm. Nuclei varied extremely in size and shape; many were very large. Nuclei were generally hyperchromatic and contained very prominent nucleoli. Mitotic figures were numerous, and occasional abnormal mitotic figures were seen. Anaplastic spindle cell tumors contained moderate numbers of multinucleated cells. By using a trichrome stain, small amounts of collagen were demonstrated in better differentiated portions of these tumors.
Well-differentiated spindle cell tumors and anaplastic spindle cell tumors appeared to represent poles of a continuum, since forms intermediate between the two types oflesions were seen. Spindle cell tumors were locally invasive and almost always involved the subcutis, suggesting that they were malignant. Spindle cell tumors ofthe dermis were usually associated with areas of hyperplastic or neoplastic epithelium. In one case (opossum No. 1-2), a spindle cell tumor was located under a squamous cell carcinoma, and in two other opossums (Nos. 11-20 and 11-30) changes consistent with carcinoma in situ were observed in foci of epithelial hyperplasia in epithelium overlying dermal spindle cell tumors.
Melanocytic hyperplasia and melanomas. Although melanocytes are normally not seen in the dermis or epidermis of the dorsum of the opossum, loose aggregates of dendritic melanocytes were seen in the upper dermis of many UVR-exposed opossums (Fig. 11) . These melanocytes did not extend into the epidermis. Aggregates varied from opossum to opossum in size and number; in some opossums, melanocyte aggregates were extensive. These lesions appeared grossly as brown to black macules.
During the course of the study, some macules enlarged to form elevated masses. Even after UVR exposure ceased, three such lesions (in opossum Nos. 11-7, 11-12, and 11-35) continued to enlarge, forming distinct tumors several millimeters in diameter. The tumors did not become ulcerated or affixed to underlying tissue. At necropsy, one axillary lymph node in an opossum with a pigmented tumor was also deeply pigmented. Histologically, melanotic skin masses were composed of tightly packed pigmented cells (Fig. 12 ). Both stellate and polygonal cells were present. Cells were so heavily pigmented that bleaching was required to see nuclear detail. In general, nuclei appeared rather bland, and mitoses were not seen (Fig. 13 ). Pigmented cells extended throughout the dermis, from immediately below the epithelium to the level of the subcutis. Encapsulation was not observed. Despite the benign histologic appearance ofthese melanotic tumors, melanin-laden cells with the appearance of tumor cells were seen in an axillary lymph node of one opossum (Fig. 14, opossum No. 11-7). Pigmented cells were not seen in the lungs or other major organs ofthis opossum. Without electron microscopic examination of the axillary node from this animal, it cannot be demonstrated unequivocally that metastasis of melanoma cells to the node occurred; however, such examination of tissue from another opossum with a UVR-induced melanoma revealed melanocytes in a similarly pigmented peripheral lymph node." Thus, it is likely that the tumor observed in opossum No. 11-7 was also a malignant melanoma that metastasized to a regional lymph node.
Discussion
In these studies, chronic exposure to ultraviolet radiation (UVR) appeared to shorten the life span ofthe South American opossums (Monodelphis domestica) although UVR-induced skin tumors did not cause death. Reduction of life span, attributable to chronic UVR exposure, has also been reported in hairless mice.'? In these mice, the life-shortening effect ofUVR appears to be proportional to the dose of UVR received.'? UVR-induced skin tumors do not appear to be the immediate cause ofdeath in UVR-exposed mice. Studies are presently underway in our laboratory to determine iflife-shortening in opossums due to chronic UVR exposure is dose-dependent and if photoreactivation following UVR exposure alters the life-shortening effect of UVR.
In these opossums, chronic exposure to UVR induced a variety of hyperplastic and neoplastic skin lesions. Hyperplasia appeared to precede neoplasia in many cases. Papillomas, keratoacanthomas, and basal cell tumors seemed to arise in foci of squamous epithelial hyperplasia, and carcinomas in situ developed within foci of epithelial hyperplasia and within papillomas. Microinvasive squamous cell carcinomas originated in papillomas and keratoacanthomas.
The papillomas observed in UVR-exposed South American opossums were quite similar to squamous papillomas in UVR-exposed nude or hairless mice.1,20,29 Pedunculated fibropapillomas were not seen in the opossums. Focal areas of epithelial hyperplasia and papillomas that showed evidence of severe atypia, disorganization, and loss of polarity were considered carcinomas in situ. These carcinomas in situ in the opossum markedly resembled actinic keratoses of human beings and, like the lesions in human beings, appeared to be precursors ofinvasive squamous cell carcinomas. In mice, the progression offoci ofepithelial hyperplasia and papillomas to squamous cell carcinoma is a welldocumented feature of chemical and UVR carcinogenesis. I •13 , 16 ,20 ,28 ,2 9 ,56 In this study, the term keratoacanthoma was used to refer to an invaginated, keratin-filled mass lined by thickened epithelium. This diagnosis is commonly applied to similar skin lesions in mice." Although keratoacanthomas of mice and opossums appear morphologically very similar to keratoacanthomas of human beings, the behavior ofthe lesions in the different species is quite different. In human beings these tumors are self-limiting and undergo involution,' while in mice and opossums, these tumors appear capable of giving rise to squamous cell carcinomas." The classification used here is not consistent with the keratoacanthoma (intracutaneous comifiying epithelioma) as defined by the World Health Organization histologic classification oftumors ofdomestic animals. 54 The keratoacanthoma of dogs, as defined by the World Health Organization, is not a counterpart of the keratoacanthoma of human beings, since the tumor in dogs appears to arise from deeper areas of the skin than the tumor in human beings. In dogs and in European harvest mice (Micromys minutusi, lesions similar to keratoacanthomas seen in mice and opossums have been termed inverted papillomas and appear to be of viral etiology.v"
The single basal cell tumor seen in an opossum in this study had no obvious counterpart in mice or in human beings. Basal cell epitheliomas ofhuman beings are more deeply penetrating growths." In mice, basal cell tumors are rarely reported to result from UVR irradiation, and those that do arise often contain areas of hyperkeratosis, keratin pearls, or foci of sebaceous differentiation. I The behavior of UVR-induced squamous cell carcinomas is similar in human beings, mice, and opossums. Although clearly malignant and locally invasive, these tumors rarely metastasize.s-v-"
DNA sequences homologous to papillomavirus genomes have been detected in a variety ofUVR-induced skin tumors of hairless mice, including papillomas, carcinomas in situ, and squamous cell carcinomas.v The precise role of papillomaviruses in the etiology of UVR-induced tumors of mice remains unclear, however, since papillomavirus sequences are not present in all UVR-induced tumors or in the normal skin of hairless mice, and papilloma virus particles have not been detected in these tumors by immunohistochemistry or by electron microscopy.52 Because at least some species of opossum appear to develop cutaneous papillomas when infected with a papovavirus," we are currently collaborating with Dr. V. Reeve of the University of Sydney to investigate the role of papillomaviruses in UVR-induced skin tumors ofthese South American opossums.
Spindle cell tumors of the dermis in UVR-exposed opossums were similar to those seen in UVR-exposed haired and hairless mice. 25, 26, 32, [45] [46] [47] Like the tumors in mice, these tumors in opossums appeared to originate from dermal fibroblasts and often had the microscopic appearance of fibrosarcomas.v-"':" One study in mice suggests that some spindle cell tumors of the dermis may actually be squamous cell carcinomas, since they appear to be derived from actinically altered epithelium, and some of the cells that comprise the tumors contain cytokeratin and desmosomes." A more recent immunohistochemical study, however, reported that cells ofUVR-induced spindle cell tumors in mice react with anti-vimentin antibodies and with antibodies against interstitial collagen, but not with anti-keratin or anti-S-IOO protein antibodies." In this latter study, intercellular connections were not observed between tumor cells using electron microscopy. Based on these results, it was concluded that UVR-induced spindle cell tumors in hairless mice are derived from mesenchymal cells ofthe dermis and resemble the actinically produced atypical fibroxanthoma of human beings."? In the case of spindle cell tumors in opossums, the spindle cells appeared to arise not from overlying epithelium but from dermal fibroblasts. In addition, a spectrum oflesions ranging from simple fibroplasia to malignant neoplasia was seen. Although these tumors often underlay proliferative epithelial lesions, the epithelial lesions were usually benign papillomas or foci of epithelial hyperplasia. In many of the tumors, col-lagen deposition was evident. These findings suggest that the tumors are of fibroblastic origin. Definitive identification ofthe cell oforigin must await the results of molecular biology and electron microscopy studies now underway.
In the present study, there was an association between proliferative lesions of the epidermis and dermis. Epithelium covering areas of spindle cell proliferation and spindle cell tumors often contained hyperplastic or neoplastic lesions. Similarly, in UVRexposed mice, carcinomas and sarcomas may be contiguous or may merge. In mice, tumors containing both carcinomatous and sarcomatous elements have been termed carcinosarcomas or collision tumors. 25, 29, 45 Based on morphologic findings and the lack of metastasis, two of the three melanotic tumors observed in UVR-exposed opossums appeared to be benign in nature. In the case of a third melanotic tumor, a regional lymph node of the opossum contained numerous pigmented cells. At present, the identity of pigmented cells in the lymph node is unclear. Although the cells appear similar to cells in the primary skin tumor, it is not impossible that they are melanin-engorged macrophages. In studies reported elsewhere, clear evidence of metastasis to local lymph nodes has been observed for melanotic tumors of opossums." Pigmented tumors seen in the opossum resemble the lesions induced in mice, Syrian hamsters, Chinese hamsters, and Mongolian gerbils by the application of chemical carcinogens or by a combination of chemical carcinogens and UVR. 3, 4, 7, 10, 17, 18, 21, 23, 24, 41, 42, 44, 51 The terminology for these lesions is somewhat confusing. In the absence of metastasis or local invasion, the terms melanocytoma, blue nevus, benign melanoma, or melanotic tumor have been applied. When clear evidence of malignancy is observed, the diagnosis of malignant melanoma or, simply, melanoma is commonly given. We have chosen the term benign melanoma to refer to non-metastatic intradermal masses composed of melanocytes and the term malignant melanoma to refer to tumors that have metastasized. This follows the usage recommended by the World Health Organization for diagnosis of tumors in domestic animals." Many ofthe experimentally-induced melanotic tumors in mice, hamsters, guinea pigs, and opossums share the following characteristics: they arise from focal dermal proliferations of melanocytes; they are composed of both dendritic and polygonal cells which are very heavily pigmented; they are located in the dermis and do not involve the epidermis; they are rarely locally invasive and rarely cause ulceration of overlying skin; and they seldom metastasize beyond regional lymph nodes (except in the case ofguinea pigs). These tumors resemble the blue nevus ofhuman beings.v" Melanotic tumors in hamsters appear to originate from perifol-licular melanocyte networks.v-" The origin of melanotic tumors in mice is unclear. It has been suggested that the cell of origin is the melanocyte of the hair matrix'? or a melanoblast resident in the dermis." The source of proliferating melanocytes in opossums is also unknown.
In summary, the skin ofthese South American opossums responded to chronic UVR exposure by developing a variety of proliferative lesions involving epidermal epithelial cells, dermal fibroblasts, and dermal melanocytes. The epithelial lesions that developed resembled those seen in human beings and in nude or hairless mice, while the dermal tumors were similar to those reported in haired and hairless mice. The pigmented tumors that occurred have not been seen in other laboratory animals exposed only to UVR, although such tumors may be evoked with chemical carcinogens or with a combination of chemical carcinogens and UVR. Opossums are sensitive to UVR carcinogenesis and develop a wide range of skin tumors, some of which are similar to actinic lesions in human beings. Opossums offer the singular advantage that, unlike other laboratory animals, they are capable of photoreactivation; therefore, using South American opossums as experimental animals will allow the role of pyrimidine dimer formation in UVR carcinogenesis to be studied.
